Renewable Energy Controller System  by Barakat, Elie & Sinno, Nisrine
Available online at www.sciencedirect.com
Renewable Energy Controller System  
Elie Barakatª, Nisrine Sinnob,b*
aLebanese University, Faculty of Engineering Roumieh. Lebanon 
bLebanese University, Faculty of Sciences Hadath. Lebanon 
Abstract 
Renewable energy resources exist in nature in a non fossil state. Sun radiation and wind are inexhaustible since they are 
both renewable. 
Installing photovoltaic systems connected to the network becomes economically interesting. 
Actual efficiency of photovoltaic cells is still fair. The production of energy can only be done during day time while the 
demand is maximal on night time. 
The wind energy is the electrical energy produced from the wind by an aerogenerator   that uses the kinetic of wind. 
This energy is renewable and will not vanish soon. A DC converter is connected to the aerogenerator, it will be 
charging a group of batteries in order to store and produce electrical energy. 
The produced wind- power remains constant when the turbine speed varies but slightly goes down after a certain speed 
limit. 
Combining the two sources of renewable energy will lead to a maximum efficiency in electrical energy production. The 
system consists of a controller that will switch between the solar panel or the wind turbine. The one that produce the 
maximum power needed will be switched on.  
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1. Renewable energy: 
Renewable energy resources exist in nature in a non fossil state. Sun radiation and wind are 
inexhaustible since they are both renewable.[7] 
If we exceed certain limits water becomes rare, purification stations would be used to insure its 
renewability.  
Oppositely to fossil energy (oil, gas, other hydrocarbon resources) or other raw materials, renewable 
energy is fairly distributed in space, thus there would always be a solution around, adapted to the terrain. 
Wind energy is more specifically the energy extracted from the wind by an ad hoc aero-generating 
device such as a wind turbine or a windmill. This energy can be used in two ways: conservation of 
mechanical energy and transformation into electric energy. 
Difficulties that occur in exploiting solar, wind and geochemical energy are essentially technical 
difficulties. If the cost of investment in inexhaustible energy and traditional energy is almost the same, the 
maintenance and administration in inexhaustible energy production is on the short term much more 
interesting economically, in terms of production cost reduction than the traditional energy production based 
on fossil energy. 
1.1. Solar Energy: 
Photovoltaic electricity production is itself a very much growing domain for electricity production. 
Photovoltaic systems can be integrated on top of buildings and their production can be transferred on to the 
electric network. 
Since May 2006 the price of fuel has noticeably been rising and so that of kWh. We therefore turn to 
sources of alternative energy. Henceforth, installing photovoltaic systems connected to the network 
becomes economically interesting [5][6]. 
Specifications: 
Power:
According to the norms under standard test conditions, the nominal power used is the value of the Power 
peak and is expressed in Wp (watt peak unit) [1][4]. 
Efficiency: 
The efficiency is the nominal power divided by the light power that falls on the module: 
η= Pn/ (S*E)                                                                                                                                   (1) 
With S the module area and E the lightning in W/m 2 of the area. 
Temperature effect:
The temperature is an important parameter since the cells are exposed to the sun and get hotter. A 
portion of the absorbed light radiation is converted into electric energy but the rest of it is dissipated into 
calories. The panel module temperature is then higher than the ambient temperature. The panel temperature 
is: 
Tc =Ta +Em(Tuc-20)/800                                                                                                              (2)            
With   Em: the average lightning in (W/m²).  Tuc: the working temperature in (ºC).
            Ta: the ambient temperature 
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1.2. Wind System: 
The wind energy is the electrical energy produced from the wind by an aerogenerator   that uses the 
kinetic of wind. This energy is renewable and will not vanish soon. A DC converter is connected to the
aerogenerator , it will be charging a group of batteries in order to store and produce electrical energy. 
1.2.1. Origine of the wind energy 
The wind is created when the sun heats the earth at different temperatures according to the place and time, 
hot air goes up and cold air goes down generating the air flow that is the wind. Local winds are the cold 
currents of air that come to fill the barometric depression caused by the elevation of the hot air. 
At the equator the hot air goes up to the North and South pole stopped by the Coriolis force in the upper 
atmosphere, and is replaced by the cold currents of air coming from the upper and lower hemispheres.  
The placement of the wind turbines is depending on the directions of the winds and the number of 
obstacles facing the dominant direction of the winds (The less obstacles is the better) [12][13].  
1.2.2.  Wind Speed 
The wind energy is a renewable and inexhaustible energy but is susceptible to be interrupted when 
strong winds cause the destruction of the structures of the wind turbines.  
• Short term wind speed variation: In figure (1) we describe the variation of the wind speed in 
function of the time in seconds. 
Figure 1.Short term wind speed variation versus time
Several parameters contribute in the variation of the wind speed, the time as well as the topology of the 
ground. 
The production of the wind energy will depend on the variation of the wind speed. 
• The wind speed measures on the Lebanese territory : In table (1) the wind speed in Lebanon is 
measured during the 30th latest years , we have noticed from the yearly average of the speed by 
site that the most windy site is in the south of Lebanon , Marjayoun. 
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Table 1. Monthly and Yearly Wind Speed Average in Lebanon during 30 years: 
1.2.3. Power of the aerogenerator  
Figure (2) shows the power versus wind speed. The curve shows the theoretical power generated by the 
turbine with the speed of wind in m/s. At the speed of 5m/s the power is 100W. 
Figure 2. Power in kW versus wind speed in m/s 
The nominal value is 450W at a speed of 13m/s equivalent to 46.8km/h.This power remains constant but 
slightly goes down after a certain speed limit. 
1.3. Batteries and System for the production of renewable energy  
1.3.1.  Storage of Energy: 
The energy conducted from the solar panel or the wind turbine must be stored directly in batteries in 
order to use it directly or to convert it to AC power using a modulator. The common types of batteries are: 
The mostly used one is Lead-Acid, then Nickel-Cadmium, Nickel-Iron, and Sodium-Sulfur. Different kind 
of these batteries are found in the market depending on their lifetime, price, prevention from freezing in 
cold weather, their need in water, and  their rapid charge or discharge. 
With the current produced by either the aerogenerator or by the solar panel Ip, the current charging the 
battery Ib and Il  the current received by the load, the equation of the currents in the system will be: 
Ip + Ib + Il = 0                                                                    (3) 
When Ib is negative the battery is discharging                              
  JAN FEB MA AP MAY JUNE JULY AUGUST SEPT OCT NOV DEC Yearly Average 
Beyrouth 4.6 4.9 5.2 4.4 3.9 4.3 4.6 4 3.5 3.2 3.2 4.2 4.17 
Cedres 2.9 3.1 3.4 3 3.3 2.9 2.7 2.4 2.1 2.8 2.3 2.8 2.81 
Rayak 3.4 3.8 4.3 3.9 3.5 3.7 3.7 3.4 3.2 3.1 3.2 3.2 3.53 
Ksara 3.2 3.8 4.2 4.2 3.9 4.5 4.8 4.2 3.4 2.6 2.4 2.9 3.68 
Khalde 3.35 2.97 3.26 2.72 2.42 2.85 3.45 2.86 2.08 2.17 2.06 3.04 2.76 
Marjayoun 4.24 4.16 4.88 4.24 4.59 5.19 5.78 5.4 4.6 4.07 3.84 3.93 4.58 
Qlailat 5.33 5.51 5.41 4.19 3.74 3.75 4.16 3.57 3.47 3.89 4.41 5.56 4.42 
Tripoli Mina 4.23 4.38 5.12 4.35 3.76 4.68 4.72 3.72 2.65 2.51 3.01 3.74 3.91 
Dahr ElBaydar 4.67 4.87 5.63 5.06 3.98 4.59 5.05 4.48 3.33 3.1 2.96 4.44 4.35 
Elie Barakat and Nisrine Sinno / Energy Procedia 6 (2011) 353–360 357
1.3.2. Controller Flowchart Description  
In order to have a high energy production overcoming all the weather and site conditions, a system 
based on the solar / wind energy has been proposed figure 3. [2][3] 
 In order to switch between the two sources, a controller will verify at real time the level of the output 
voltage produced by the solar panel and the wind turbine by measuring their output current level Ip in
equation (1). The controller will switch to the appropriate source in order to produce the maximal battery 
output power. The flowchart figure 3 describes the controlling system implementation. 
Figure 3. The control system flowchart for solar/wind energy production 
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1.4. Measures taken by the implemented system  
1.4.1. Measurements concerning the solar panel  
From the measures taken in Lebanon at different times of the day, in sunny or cloudy days during two 
weeks, it was possible to find the value of the output voltage produced by the solar panel for which the 
output voltage of the battery is maximal.  
• Two weeks  average measures of the current produced during sunny and cloudy days : 
Table 2 indicates the measures taken during sunny days such as the output voltage Vps measured at the 
solar panel output, V battery at the battery output and the charging current Ich , as well as the overall 
voltage Vens . From the results we have found that even in sunny days, the charging current did not exceed  
2.9 A, and the maximum output voltage of the solar panel  at noon at the peek of sun was Vsp=19.05V  
while the voltages at the output of the battery and the overall voltage are very close  around 13V. 
Figure 4  shows the graph representing those measures. 
Figure 4. Average charging current in sunny weather over 2 week measurements. 
The measures have been repeated taken during 2 weeks of cloudy days the results are shown in table 3 
and the corresponding graph Figure 5. 
On cloudy days at the peek of sun around noon, the charging current Ich max is 3.5A and Vsp=19.2V, 
while the voltages at the battery output and the overall output voltage are close around 12V. 
Figure  5. Average charging current during the day in cloudy weather over 2 week measurements. 
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Table 2. Measures during sunny days with the solar panel                      Table 3. Measures during cloudy days with the solar panel 
1.4.2. Measurements concerning the wind turbine 
In table 4. Measures taken for the charging current as 
well as the power from the wind turbine are given 
according to the wind speed ( The power is calculated 
from the formula P=U*I with I as the charging current and U as the output voltage of the turbine).  
We noticed that the maximum power P= 460W is given at a wind speed of 14m/s, the charging current is 
then Ich=19.2 A. 
 In modifying the speed, the turbine output voltage U remains almost constant around 24V. 
We noticed that above the wind speed of 12m/s the charging current remains almost constant around 19 
Amps.Comparing with the maximum charging current given by the solar panel Ich=2.9A, the wind turbine 
get this level at a speed around 5.5m/s.Figure 6 shows the corresponding graph.  
Table 4. Measures of the charging current and output power of the wind turbine versus the wind speed. 
Figure 6. Average charging current  Ich (in Amps) versus 
wind turbine speed (in m/s) 
HOUR Vbattery(V) Vsp(V) Vall(V) Ich(A) 
8:00 AM 11.04 17.6 11.13 1.72 
9:00 AM 11.28 20.5 11.5 2.12 
10:30 AM 11.71 19.54 12 2.93 
11:20 AM 11.78 19.5 12 3.4 
12:30 PM 11.95 19.2 11.9 3.5 
14:00 PM 11.95 19.35 12.2 3.45 
14:30 PM 12 19.3 12.3 3 
16:00 PM 12.1 19.56 12.2 2.2 
17:00 PM 12 19.2 12 0.2 
HOUR V battery(V) Vsp(V) Vall(V) Ich(A) 
6:30 AM 12.58 11.71 12.57 0 
7:00 AM 12.59 14.64 12.59 0.083 
7:30 AM 12.72 18.12 12.74 0.493 
8:00 AM 12.89 18.97 12.31 0.897 
8:30 AM 12.95 19.22 13.01 1.376 
9:00 AM 12.95 19.2 13.02 2.285 
10:00 AM 13 19.1 13.06 2.185 
10:30 AM 13.06 19.03 13.06 2.44 
11:00 AM 13.06 18.52 13.15 2.732 
12:00 PM 13.15 19.05 13.37 2.906 
12:30 PM 13.22 19.18 13.18 2.046 
1:00 PM 13.37 18.99 14.01 2.253 
1:30 PM 13.46 19.17 14.45 2.768 
2:30 PM 13.4 18.94 14.24 2.235 
3:00 PM 13.87 18.93 15.52 1.903 
3:30 PM 13.73 18.87 15.52 1.687 
4:30 PM 13.71 18.82 15.18 1.199 
Wind speed in m/s I ch (A) Power P=UI (W) 
0 0 0 
2 0 0 
4 0.83 20 
5 1.66 40 
6 3.32 80 
7 3.75 90 
8 5 120 
9 7.5 180 
10 9.16 220 
11 13.75 330 
12 17.3 415 
13 18.35 440 
14 19.2 460 
15 18.8 450 
16 17.5 420 
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1.5. Discussion 
• Measurements presented in the paper responded to the theoretical characteristics specifications given in 
the solar panel and aerogenerator product documentations used. 
• The production of energy using solar panels and wind turbine is still an expensive production system (in 
order to produce 1Kva it costs around 5000 dollars for solar panels and 3000 dollars for wind turbine)
.But it is expected that those costs will decrease in time increasing the use of renewable energy produced 
from sun and wind. The most interesting domain of use will be in lighting domains. 
• In Lebanon the maximum average wind speed is around 4 m/s (Table 1). Charging the battery with this 
turbine will produce a charging power around 20W, with a charging current of 0.83A. This level of  
current is produced by the solar panel at 8 a. m in sunny days , and the corresponding charging power 
produced will be according to table 2 and figure 4. around P=0. 9*19=17W, during cloudy days the 
charging power produced according to figure 5 will be before 8 am around P= 0.83*15=13W.While at 
the best speed of wind in Lebanon (4-4.5 m/s) during day-time from 8 am till 4 pm the turbine give a 
charging power around 20-40 W, therefore the solar panel producing from 20W up to 65W is better to 
be used during day-time even for cloudy days. 
1.6. Conclusion  
•We have proposed a control system that can be implemented any time, in windy sites, sunny, or cloudy 
days .It helps in visualizing the following parameters during the charge of the battery: The output voltage 
of the battery, the current produced by either the aerogenerator or by the solar panel, and the current 
charging the battery. By controlling those parameters the detection at real time of failures in the battery or 
in the energy production components as the solar panel or the wind turbine will be possible.  
•Switching between the two energy production sun or wind components improves the efficiency of 
energy production. We can also improve the system efficiency 20% up, by installing a control system to
direct the solar panel toward to the sun [3].  
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